Background: Determinants of early-onset Alzheimer's disease (EOAD) are not well known. In late-onset AD, vascular risk factors (VRFs) are associated with earlier clinical manifestation. Objective: The objective of this study was to assess the putative association between VRFs and EOAD. Methods: We studied participants with dementia meeting criteria for EOAD (recruited into the French CoMAJ prospective cohort study from 1 June 2009 to 28 February 2014) and age-, gender-matched controls (ratio 1:3, drawn randomly from the French MONA-LISA population-based survey between 2005 and 2007). Demographic data, VRFs, comorbidities, treatments, and APOE genotypes were compared in multivariable logistic regression analyses. Results: We studied 102 participants with dementia (mean ± standard deviation age: 59.5 ± 3.8; women: 59.8%) and 306 controls. Compared with controls, EOAD participants had spent less time in formal education (9.9 ± 2.9 versus 11.7 ± 3.8 y; p < 0.0001), were less likely to be regular alcohol consumers (p < 0.0001), had a lower body mass index (-2 kg/m 2 ; p < 0.0004), and a lower mean systolic blood pressure (-6.2 mmHg; p = 0.0036). The prevalence of APOE 4 allele was higher in participants with dementia than in controls (50% versus 29.4%; p = 0.0002), as was the prevalence of depression (48% versus 32%; p < 0.001). Similar results were observed in multivariable analysis. Compared with EOAD participants lacking VRFs, EOAD participants with at least one VRF had a higher prevalence of depression (29.6% versus 53.3%, respectively; p = 0.03).
INTRODUCTION
Alzheimer's disease (AD) remains the leading cause of dementia in all age categories -including younger patients [1] . Early-onset Alzheimer's disease (EOAD) is arbitrarily defined as disease onset under the age of 65. In the 45-64 age group, prevalence varies between 15 and 35 per 100,000 people [2] , and annual incidence is 12 per 100,000 people [3] . According to a survey in 2010, there were 17,000 patients with EOAD in France, and 5,000 of these had developed the first symptoms before 60 years old [4] .
Little is known about the risk factors of EOAD. Only 13% of cases are linked to a known autosomaldominant mutation in the genes coding for presenilin 1 and 2 or amyloid precursor protein (PSEN1, PSEN2, or APP) [5] . The APOE 4 allele is the most important genetic risk factor for sporadic AD. Nonetheless, the observation of EOAD in patients lacking the 4 allele suggests that other factors may favor early onset. At present, research efforts are mainly focused on cerebrovascular aspects and cognitive reserve in older AD patients [6] . Treatment of vascular risk factors (VRFs) in older patients has been associated with slower cognitive decline and later disease onset [7] . Management of patients with EOAD might be improved by the recognition and treatment of putative disease-associated vascular component factors. However, data on environmental factors (and especially VRFs) in EOAD are scarce, despite the large number of affected patients. Some studies identified vascular and environmental risk factors to develop young onset "all-cause" dementia [8] [9] [10] . Therefore, the objective of the present study was to assess the putative relationship between VRFs and EOAD. We hypothesized that if VRFs shorten the disease onset of AD, we might observe a higher prevalence of VRFs in EOAD. The second hypothesis was that the VRFs might modify the clinical presentation in EOAD.
MATERIALS AND METHODS

Participants with dementia
We studied participants with dementia from the Cohorte Malades Alzheimer Jeunes (CoMAJ) longitudinal, multicenter cohort recruited by the multisite French National Reference Center for Early-Onset Dementia in the cities of Lille, Rouen, and Paris. The main objective of the CoMAJ study is to better understand the course of AD in young patients by providing multimodal data (i.e., clinical, biological, social, genetic, imaging, and neuropathological data). Inclusion criteria are onset before the age of 60 (although age at inclusion could be over 60), and a diagnosis of AD based on the International Working Group criteria [11] (with abnormalities of cerebrospinal fluid (CSF) biomarkers) and compatible with those of the National Institute on AgingAlzheimer's Association workgroups (NIA/AA) [12] . The age of disease onset was 60 because it is the age criteria in France to receive social allowance especially the Solidarity Allowance for the Elderly. All participants with dementia gave their written, informed consent to participation in the CoMAJ cohort. The study was approved by local investigational review boards (CPP Nord-Ouest I, CPP Paris Pitié-Salpêtrière and CPP Ile-de-France II; reference 110-05). Recruitment began in June 2009 and is ongoing.
At the first visit, we collected data on the participants' demographics, medical history, social situation, and neuropsychological status. Unless contraindicated or refusal, participants underwent ApoE genotyping, brain MRI, fluorodeoxyglucose positron emission tomography (FDG PET), and lumbar puncture for AD biomarkers (amyloid beta, tau, and phospho-tau) in the CSF. Assessments with EOAD participants and their primary caregivers were performed (using a standardized medical work-up) at baseline and then every 6 months until death or withdrawal. To avoid bias related to the geographical origin of controls (detailed in the next section), we only included AD participants having been recruited by the Lille center between 1 June 2009, and 28 February 2014. We excluded persons with a confirmed mutation (PSEN1, PSEN2, or APP) and those who had at least one first-degree relative with EOAD.
Controls
Controls were drawn randomly from among participants in the Monitoring National du Risque Artériel (MONA-LISA) multicenter, cross-sectional, population-based study performed in three areas of France (the Lille Urban Community in northern France, the Bas-Rhin county in eastern France, and the Haute-Garonne county in southern France). In the MONA-LISA study, participants aged from 35 to 74 were randomly sampled from electoral rolls after stratification by the number of inhabitants in the locality, gender, and 10-year age group. In the period between 2005 and 2007, each area had about 500,000 inhabitants. Details of the MONA-LISA survey have been reported elsewhere [13] . To minimize the influence of geographical origin, we used data on participants from the Lille Urban Community (i.e., from much the same catchment area as the CoMAJ participants). Controls from the MONA-LISA survey were matched 3:1 for age (in 5-year age groups) and gender with participants from the CoMAJ cohort.
Demographic data and VRFs
Only data collected at inclusion were considered in the present study. Participants with dementia and controls were investigated using the same procedures.
We prospectively collected data on demographics (age, gender, and level of education), any family history of vascular diseases and/or late-onset dementia, comorbidities, regular alcohol consumption (more than 3 standard drinks per day), vascular diseases (myocardial infarction, stroke, and atrial fibrillation), depression (diagnosed by a physician or use of antidepressant drugs), anxiety, epilepsy, any ongoing treatments, and the following VRFs:
• Hypertension, defined as a history of elevated blood pressure (BP) (diagnosed by a primary care physician), use of BP-lowering medication, or elevated BP measured at inclusion (systolic BP ≥140 mmHg or diastolic BP ≥90 mmHg). The following information on the participant's medical history and clinical presentation were recorded for participants with dementia only: date of symptom onset, awareness of symptoms, date of the first consultation in our center, date of diagnosis, Mini Mental State Examination (MMSE) score [14] at first visit and at diagnosis; time interval between first symptoms and inclusion in the CoMAJ cohort; neurological signs at inclusion; results of a standard neuropsychological assessment at inclusion (the MMSE; the Clinical Dementia Rating Scale [15] , the Mattis Dementia Rating Scale [16] , or Severe Impairment Battery [17] if MMSE score was lower than 10; the Frontal Assessment Battery [18] , the NeuroPsychiatric Inventory [19] , the Disability Assessment of Dementia [20] , the Instrumental Activities in Daily Living Scale [21] and the Zarit Burden Interview [22] ) and clinical presentation (an amnestic typical presentation or an atypical presentation, with executive dysfunction, language disturbance or visuospatial presentation [12] , based on the patient's medical history and neuropsychological profile).
APOE genotyping
At inclusion, a blood sample was collected with a PyroMark ApoE kit (Biotage, Uppsala, Sweden), and then sent to the Department of Genetics at Rouen University Medical Centre/INSERM U1079 (Rouen, France) for determination of the participant's APOE genotype.
Statistical analysis
Quantitative variables were expressed as the mean ± standard deviation (after confirmation of a normal distribution), and categorical variables were expressed as the number (percentage). Means were compared using Student's t-test, and frequencies were compared using a chi-squared test (with Yates' correction) or Fisher's exact test.
We first compared EOAD participants to controls by performing a multivariable conditional logistic regression with age, gender, educational level, smoking status, APOE 4 status, regular alcohol consumption, BMI, blood pressure, blood-pressure-lowering medication, hypercholesterolemia, hypertriglyceridemia, lipid-lowering medication, and diabetes mellitus as dependent variables.
We also tested EOAD participant versus control differences in the VRF profile for the following EOAD subgroups: above-median versus below-median MMSE score; amnestic versus non-amnestic clinical presentation; presence versus absence of neurological signs, presence versus absence of a family history of AD history, and presence versus absence of at least one APOE 4 allele. To this end, we used a multivariable multinomial logistic regression analysis to compare EOAD subgroups (outcome) with all the controls, by using all the variables selected in the multivariable conditional logistic regression.
We then investigated the link between clinical presentation of EOAD participants and VRF by analyzing data only in participants with dementia, by considering each VRF one by one. To compare participants who presented the factor and participants who did not present it according to a numerical parameter, a Student's t-test or a Wilcoxon test was realized. Categorical variables were compared by using chi-squared test or Fisher's exact test. Variables that emerged significant at p < 0.05 in univariable analyses were then included in a multivariable logistic regression model adjusted for age, gender, and educational level. For hypercholesterolemia, APOE 4 status was added in adjustment's variables. The same method was used to compare EOAD participants without VRF and EOAD participants with at least one VRF.
All statistical analyses were performed with SAS software (version 9.3, SAS Institute Inc., Cary, NC, USA). The threshold for statistical significance was set to p < 0.05.
RESULTS
One hundred and two participants with dementia from the CoMAJ cohort and 306 controls from the MONA-LISA cohort were included in the present study ( Fig. 1 and Table 1 ). All but one of the EOAD participants and all but 8 of the controls had been genotyped for APOE. (Table 2) On average, EOAD participants had spent 2 years less in formal education than controls (p < 0.0001). Regular alcohol consumption was less frequent in EOAD participants (p < 0.0001). Compared with controls, EOAD participants had a lower BMI (by 2 points, on average; p = 0.0004) and lower systolic (p = 0.0036) and diastolic (p < 0.0001) BP, and were less likely to have hypertriglyceridemia (p = 0.0108). The prevalence of an APOE 4 allele was higher in EOAD participants than in controls (50% versus 29.4%; p = 0.0002), and the proportion of homozygous 4 carriers was also higher in EOAD participants than in controls (14.3% versus 1.3%; p < 0.0001). The distribution in all possible allele pairs was detailed in Table 3 . EOAD participants were seven times more likely to suffer from depression (p < 0.0001) and were more likely to be taking psychotropic drugs (p < 0.0001). In the multivariable analysis, educational level, alcohol consumption, BMI, systolic BP, and hypertriglyceridemia were inversely related to EOAD, whereas BP-lowering medication and APOE 4 carrier status remained positively associated with EOAD (Table 4) . Sensitivity analyses (notably probing the use of psychotropic drugs and the time interval between disease onset and inclusion in the CoMAJ cohort) did not modify previous results (data not shown).
Comparisons of EOAD participants with controls
Likewise, subgroup analyses of EOAD participants versus controls did not reveal any significant differences, other than when comparing amnestic versus non-amnestic clinical presentations. The odds ratio [95% confidence interval] for EOAD was 3. 
Influence of VRFs in EOAD participants
EOAD participants with at least one VRF were more likely to be male than those without VRFs (46.7% versus 22.2%; p = 0.02), were more likely to have a family history of late-onset dementia (48.0% versus 22.2%; p = 0.02), and were more likely to have depression (53.3% versus 29.6%; p = 0.03). These results were confirmed by the multivariable analysis. We did not observe any other differences of clinical presentation and neuropsychological profile.
For each VRF, we then compared EOAD participants with the factor and participants without.
The disease onset in EOAD participants with hypercholesterolemia seemed to be later (54.7 ± 2.8 versus 52.9 ± 3.2; p = 0.0081). Yet, it did not remain significant in multivariable analysis. Smokers were more likely to be male (78.9% versus 17.2%; p < 0.0001).
Taking anxiolytic seemed to be inversely related to smoking (10.5% versus 28.1%; p = 0.0367). However, in the multivariable analysis results on anxiolytic did not persist.
There were no other significant differences for other VRFs. The low number of EOAD participants with diabetes (n = 5) prevented us from performing comparisons for this parameter.
DISCUSSION
Our results showed that VRFs were not more prevalent in EOAD participants than in age-and gender-matched controls from the same geographical area. In fact, some factors (hypertension, overweight, and obesity) were less prevalent in participants with dementia than in controls. Furthermore, VRFs did not appear to be strongly associated with the EOAD participants' clinical presentation.
One potential study limitation related to the fact that some EOAD participants had been monitored in memory center for a long time before their inclusion in the CoMAJ cohort, whereas others were included just after their first visit in our center. Participants with dementia entered the study at different stages of dementia, which would modify the prevalence of VRFs. However, our subgroup analyses between prevalent and incident EOAD participants did not reveal any differences with regard to the duration of follow-up before inclusion. Variables are reported as the number (percentage). EOAD, early-onset Alzheimer's disease EOAD participants and controls were compared using a chi-squared or Fisher's test. In agreement with earlier reports [23] , EOAD participants in the present study had a lower educational level than controls did. This may contribute to the low MMSE mean score at inclusion. One study has shown that cognitive decline begins 8 years earlier in less-educated patients [24] . In a Swedish cohort of 18-year-old males over a period of more than 30 years, lower cognitive performance in early adulthood was associated with an elevated risk of early-onset all-cause dementia [25] . Altogether these data suggested that educational level had a significant impact in revealing the cognitive impairment and supported the role of cognitive reserve.
In the present study, the EOAD was not associated with major VRF, consistent with a previous report which has shown that VRFs are less prevalent in EOAD than in late-onset AD [26] .
The BMI and levels of obesity were clearly lower in participants with dementia than in controls. Other studies have reported low BMIs in older patients with dementia [27] , or a slower midlife increase in BMI in Swedish women who developed late-onset dementia [28] , and it has been suggested that weight loss might start 9 to 10 years before diagnosis [29] . Furthermore, a study of younger patients suggested that body weight was lower in EOAD patients than in patients with frontotemporal lobar degeneration (FTLD), although hyperorality and dietary changes in the latter condition contributed to weight changes [30] . The reasons for lower body weight might be related to an increase of metabolic rate, or to amyloid deposition in the leptin-receptor-containing brain structures that control appetite (such as the hypothalamus and the amygdala) in EOAD patients [31] .
We did not observe significant differences in the prevalence of hypertension, regardless of whether the latter was defined as (1) a history of physiciandiagnosed hypertension, (2) use of BP-lowering medication, or (3) elevated systolic and diastolic BP at inclusion. This finding might appear to run counter to the role of hypertension in cognitive decline and dementia [32] and contrasts with literature data. In an earlier study, hypertension was three times more frequent in EOAD patients than in age-matched patients with FTLD [30] , suggesting that elevated systolic BP is a risk factor for EOAD. Furthermore, hypertension is a midlife risk factor for late-onset dementia and cognitive decline in the years before dementia onset [33] . In the Kungsholmen cohort of elderly patients, however, the BP started to fall 3 years before symptom onset [34] . In the present study, BP remained lower in EOAD participants than in controls after adjustment for the use of BP-lowering medications. Cognitive symptoms had been present for 3 to 4 years, and moderate dementia was already present at study inclusion; hence, the drop in BP associated with dementia might have hidden previously higher BP values. However, there was no significant difference in the proportion of history of hypertension between participants with dementia (41%) and controls (37%). Lower BP might contribute to lower brain perfusion, and thus might accelerate histopathological damage in AD. Alternatively, amyloid deposits may affect BP-regulating centers in the brain (such as the amygdala and the hypothalamus); it has been shown that atrophy of C1 neurons in AD brains is associated with lower BP [35] .
There was no difference between participants with dementia and controls in the prevalence of hypercholesterolemia, which is considered to be a risk factor for late-onset dementia [36] . The lower prevalence of hypertriglyceridemia in our patients might be due to the lower BMI, although the difference was still significant after adjustment for weight. However, few of EOAD participants had hypertriglyceridemia, and so this finding should be confirmed in a larger sample. The lower prevalence of hypertriglyceridemia might also be due to the lower frequency of the APOE 2 allele in patients (since the latter is known to be related to hypertriglyceridemia) [37] or differing dietary habits.
Likewise, only a few subjects had diabetes mellitus; the small sample size prevented us from performing a robust assessment of the risk in this context.
The distribution of allele pairs of APOE in our study (EOAD participants and controls) was similar to the distribution found in the French population of the GWAS study, in EOAD patients as in controls [38] . As expected from the literature data, the prevalence of the APOE 4 allele was higher in patients and was more frequent in patients with amnestic profile [39] . This may be explained by a greater atrophy of the medial temporal lobe in APOE 4 carriers [40] .
Depression was more prevalent in participants with dementia than in controls. Other studies have reported same findings, although this might be due to the patients' greater awareness of their impairments in activities of daily living [41] . In the Cache County Study of older AD patients, VRFs were associated with a greater risk of delusion, depression, and agitation [42] . In the present study of EOAD participants, the presence of at least one VRF was associated with depression but not with delusion or agitation.
The prevalence of regular alcohol consumption was lower in participants with dementia than in controls, in line with dietary habit changes in patients at moderate to severe stage of dementia. This finding is difficult to interpret because alcohol consumption was checked in a one-week dietary survey in the MONA-LISA study but not in the CoMAJ study (in which alcohol consumption was simply reported by the patient or his/her caregiver or family).
Our study had several strengths. To the best of our knowledge, this study was the first to have assessed and compared VRFs in a cohort of EOAD patients and a cohort of age-and gender-matched healthy controls from the same geographic area. This approach minimizes possible bias due to an influence of geographic location on the vascular profile [43] . Exhaustive, similar investigations of patient and controls enabled us to analyze lifestyle factors (such as educational level). There may still have been some recruitment bias because our memory clinic is a tertiary center. However, a large proportion of patients with EOAD are referred to our clinic because it is the reference center for this population, and before they have been treated. Our cohort had good internal and external validity because of all of the patients met the reviewed NIA/AA clinical criteria for probable AD dementia with an elevated level of certainty [12] . Our patients' clinical presentations were also consistent with literature data on EOAD patients [44] .
However, our results should be interpreted with a degree of caution because controls recruited through health surveys and epidemiological studies generally have fewer risk factors and lower disease levels than the general population [43] . In addition, survival bias might affect the association of certain VRFs with AD when prevalent cases were used. It would be interesting to see if low levels of certain VRFs (e.g., BP and BMI) are associated with an increased likelihood of EOAD by monitoring the weight and the blood pressure. Other "environmental" factors, such as social interaction and systemic inflammation markers, might contribute to an early onset of symptoms. They were not investigated in this cohort.
In conclusion, contrary to the high prevalence of some VRFs in late-onset AD patients, these VRFs were not more prevalent in EOAD patients than in controls, and they did not appear to be strongly associated with the EOAD patients' clinical presentation. Other factors, and notably genetic factors [45] , or environmental factors may be more prevalent in these patients. Lastly, clinicians should be more aware of the elevated risk of denutrition, hypotension, and depression in EOAD patients.
